by turning up the laser power early in time (a 'high foot') relative to previous experi ments. By choosing this path, which heats the fusion fuel during the implosion, the authors gave up on the potential of achieving ignition with these implosions in the near term. How ever, the strategy has paid off handsomely. The fusionenergy yield at the NIF has been increased tenfold in a steady progression of experiments. The best highfoot experiment produced 17 kJ of fusion yield, which is greater than the energy invested in the fusion fuel dur ing the implosion, and has Pτ larger than 50% of what is needed for ignition. The experi ments are also in much better agreement with detailed simulations, obtaining fusionenergy yields greater than 60% of what is calculated. Perhaps the most exciting observation is that calculations also suggest that the αparticle heating in these experiments is beginning to contribute significantly to further fusion energy yield -the first hints of the selfheat ing process that is crucial for ignition.
Hurricane and colleagues' work comes in the wake of the National Ignition Campaign (NIC), a focused effort at the NIF from 2009 to 2012 with the goal of achieving ignition shortly after construction of the NIF was completed. Although much was learned during that period, the NIC effort fell far short of the igni tion goal, and the results obtained differed con siderably from predictions. The unsuccessful end of the NIC prompted congressional scru tiny of the national inertial confinement fusion programme, resulting in a substantial restruc turing 4 . The restructured programme has emphasized morestable implosions, like those pursued by Hurricane and coworkers, and more experiments dedicated to fundamental scientific issues on the path to ignition. It also underlines alternative approaches to inertial confinement fusion (currently being studied at the Omega Laser Facility in New York and at the Z Pulsed Power Facility in New Mexico) and recommends a review of progress towards ignition in 2015. These changes are paying dividends, but the 2015 review is right around the corner.
To be clear, much work remains to be done to achieve ignition. It is still not well under stood why the earlier implosions studied in the NIC are so far from predictions. Issues such as the coupling of the laser energy to the target and the detailed symmetry of the implosion have been determined largely empirically. How far the highfoot implosions can be pushed remains an open question, and the goal of ignition will require a nearly 100fold increase in fusion yield over these results. Perhaps the biggest question is: will ignition be achievable at the NIF? The answer is uncertain. Funding agencies and scientists want to know, and only time and more experi ments will tell whether that will be possible. This is frequently where we who work in fusion find ourselves, facing significant obstacles but encouraged by scientific advances such as those of Hurricane 
Protein binding cannot subdue a lively RNA
Ribosomes, the cell's protein-synthesis machines, are assembled from their components in a defined order. It emerges that the first assembly step must overcome dynamic structural rearrangements. See Article p.334
n cells, RNA molecules typically associate with proteins to form ribonucleoproteins. The ribosome is the large ribonucleo protein responsible for protein synthesis, and is assem bled by the sequential binding of its constituent proteins to ribosomal RNA. In this issue, Kim et al. 1 (page 334) describe the events that occur as the ribo somal protein S4 binds to a fragment of rRNA. The resulting complex is the first to form in the assembly of the small ribosomal sub unit, and it must guide the assembly of the rest of the sub unit. The authors show that the complex is an extremely dynamic structure, rather than a static building block.
Sequential association of different proteins with an RNA molecule could be a mecha nism enabling RNA to adopt its functional conformation, with each protein acting as a molecular 'chaperone' to direct the folding pathway or remodel misfolded structures. As first reported 2 in 1974, the small ribosomal subunit (30S) of the bacterium Escherichia coli can be reconstituted in vitro by the sequential addition of 21 small ribosomal proteins to the 16S rRNA (1,541 nucleotides in E. coli). S4 is the first protein to bind, and it triggers a con formational change in the RNA that facilitates subsequent protein association.
Kim and colleagues' study is the first single molecule analysis of S4 binding to 16S rRNA, and reveals the details of the interactions involved. Using fluorescencebased experi ments, the authors watched in real time as an S4 protein bound a fiveway junction in 16S rRNA, in which five RNA arms (duplexes) radiated out from a single node (the junction). They observed that the fiveway junction is not a static structure passively waiting for S4 to bind and remodel it (Fig. 1) . By attaching fluorescent probes to two of its arms, Kim et al. saw those arms move on widely different timescales. In one experiment, the arms were 1 studied a fragment of 16S ribosomal RNA, which consists of five duplex 'arms' radiating from a central junction, by attaching fluorescent probes to two of the arms. They observed that the RNA's structure is highly dynamic, with the labelled arms (red) adopting a wide array of conformations. The other arms are also likely to move, but were not studied. b, The S4 protein forms a complex with 16S rRNA in the first step of ribosome assembly by binding to its preferred RNA conformation (binding step not shown). Once bound, S4 restrains, but does not fix, the movements of the RNA arms. S4 specifically recognizes the junction and contacts an arm 3 , but if the RNA struc ture changes on millisecond and second timescales, as seen in the authors' realtime fluorescence data, how can the protein find its binding site? Proteins that bind to spe cific sequences in RNAs do so by recognizing singlestranded regions of the molecules. Such regions are intrinsically flexible, and the dif ference between their free and proteinbound structures is often dramatic. The mechanism of RNA binding by a protein must therefore include a means of catching a conforma tion that displays the RNA nucleotides in a geometry that the protein can recognize.
One widely used model of how a protein might bind to a flexible RNA is called conforma tion capture [4] [5] [6] . This model acknowledges that RNA in solution is best described as an ensem ble of conformations that have an unknown population distribution. Assuming that the structures are nearly equal in energy, and that they interconvert, then only some of the mol ecules will be able to bind to the protein. When the protein encounters an RNA with a binding competent structure, it captures it, forming a complex. After capture, the RNA's structure changes to accommodate the protein's bind ing site. Such a mode of complex formation, in which the protein manipulates the RNA to com plement its surface, is known as induced fit [7] [8] [9] . The conformationcapture and inducedfit models neglect the probability that the protein also undergoes conformational changes, so that in reality the capture and fitting processes are mutual. The authors show that S4-rRNA binding requires that S4 select among rRNA conformations (conformational selection) but that, when S4 is bound, new patterns of RNA dynamics appear in the complex (induced con formational changes). Such dynamics might be essential for the addition of the next protein. 
